We present a case of anterior spinal artery syndrome in a 57-year-old man having a total hip arthroplasty under epidural anaesthesia. Epidural insertion and surgery were uneventful. Postoperatively bilateral lower limb motor weakness was attributed to the initial dose of local anaesthetic. There was no change in neurological status 24 hours later. Magnetic resonance imaging demonstrated spinal cord infarction. The diagnosis of anterior spinal artery syndrome was made based on the patient's neurological condition and MRI findings.
Anterior spinal artery syndrome is a rare but devastating condition which results from inadequate blood supply to the spinal cord through the anterior spinal artery 1 . It is characterised by paralysis and loss of bowel and bladder function, with either intact or impaired sensory function 2 . This syndrome has been reported to occur spontaneously 3 and after both general and regional anaesthesia 4 . We report a case of anterior spinal artery syndrome following lumbar epidural anaesthesia for total hip arthroplasty. The possible aetiology of this syndrome in patients undergoing regional anaesthesia and surgery is discussed.
CASE HISTORY
A 57-year-old, 100 kg man with osteoarthritis presented for left total hip arthroplasty. His past medical history was negative for ischaemic heart disease, peripheral vascular disease, hypertension and diabetes. As an adolescent he wore a brace for scoliosis for four years. His lumbar spine was straight on examination, but preoperative lumbar X-ray revealed osteophyte formation, generalized disc space narrowing, mild scoliosis and evidence of old Scheuermann's disease. He took no medications, including anticoagulants or non-steroidal anti-inflammatory drugs, and had no known allergies. Preoperative haemoglobin, electrolytes, creatinine, chest X-ray and electrocardiogram (ECG) were all normal. His preoperative blood pressure was 150/80 mmHg.
Epidural anaesthesia was planned after discussion of the risks and benefits with the patient. Both the risks of dural puncture with headache and permanent neurological damage were discussed. Using a sterile technique, a Portex 16 gauge Tuohy needle was inserted in the sitting position at the L3/4 interspace using loss of resistance to saline. The epidural space was located after a single uneventful attempt. Lignocaine 2% with 1:200 000 adrenaline (Astra-Zeneca) 5 ml and 5 µg/ml of fentanyl was injected through the needle. A standard 3-holed catheter was inserted 5 cm into the epidural space. A further 10 ml was then injected in two divided increments through the catheter, making a total volume of 15 ml.
The patient was positioned on his right side, with padding placed under the chest, head and neck. Oxygen was given at 5 litres/min via a Hudson mask and the patient was lightly sedated with a total of midazolam 5 mg during the procedure. In the initial stages of surgery there was movement of the operative leg and an additional 5 ml of lignocaine with adrenaline were administered. Surgery was uneventful and concluded approximately one hour after epidural placement. Blood loss was minimal (<300 ml). Although blood pressure remained greater than 100 mmHg systolic throughout most of the operation, there were two brief episodes of hypotension. The blood pressure decreased to 80/50 mmHg for less than five minutes and responded to boluses of intravenous (IV) fluid. Two litres of crystalloid solution and 500 ml of gelatin-based colloid were given intraoperatively.
The patient was transferred to the recovery room free of pain and with slight movement of his right leg. An epidural infusion of bupivacaine 0.125% with 5 µg/ml fentanyl was commenced at 10 ml/h. Vital signs were normal in recovery with no reported episodes of hypotension.
The patient had good analgesia seven hours postoperatively. All movement in both lower limbs was absent, except for weak flexion and extension in the right ankle. Touch sensation was normal. His prolonged motor block was attributed to the initial dose of local anaesthetic and the infusion was continued. Because his neurological status was unchanged at 24 hours, the epidural infusion was ceased, the epidural catheter removed and a magnetic resonance image (MRI) of the spinal cord was performed.
The MRI showed no evidence of epidural haematoma or abscess and the distal spinal cord and cauda equina were normal. There was no other anatomical cause for paralysis evident. An abdominal ultrasound of the aorta did not reveal any abnormalities. Neurological consultation confirmed the absence of motor response bilaterally below T12, except for profound weakness of ankle flexion and extension on the right. Reflexes, pinprick and temperature sensation were all absent bilaterally below T12. Vibration sensation and proprioception were present in the toes only, but light touch sensation remained intact. There was loss of bowel and bladder sphincter function. A second MRI 48 hours postoperatively showed an abnormal signal within the spinal cord from the level of T8 to the conus, consistent with infarction ( Figure 1 ).
Based on MRI findings and neurological assessment, the diagnosis of anterior spinal artery syndrome was made. The patient was transferred to a rehabilitation unit. There has been no recovery of motor function and nine months later he remains paralysed.
DISCUSSION
Epidural anaesthesia is frequently used for major joint surgery because it offers a number of potential advantages over general anaesthesia. It provides excellent analgesia intraoperatively and postoperatively, decreases the risk of thromboembolic disease, and can reduce perioperative blood loss.
Paraplegia following epidural anaesthesia is a rare but recognised complication. The aetiology may be direct trauma to the spinal cord, compression of the spinal cord from haematoma or abscess, neurotoxicity related to local anaesthetic or preservatives, or ischaemia of the spinal cord secondary to hypotension, spasm of or trauma to the anterior spinal artery 5 .
Although it is easy to incriminate regional anaesthesia where permanent neurological damage follows its use, complications attributed to epidural anaesthesia may be due to pre-existing neurological or vascular disease that was undetected preoperatively. Unsuspected neurological disease such as arteriovenous malformations of the spinal cord, vertebral angiomas, atherosclerosis of the spinal arteries, prolapsed disc and spinal cord tumours have resulted in permanent neurological damage 6 . Direct damage to nerves due to surgical packs 7 , retractors, extremes of surgical positioning 8 and anatomical abnormalities 6 have also resulted in neurological damage.
The spinal cord is perfused by a single anterior and The narrow diameter, long length and acute entry of the arteria radicularis magna into the vertebral canal may contribute to its vulnerability 9 .
Occlusion of the anterior spinal artery produces a clinical picture known as anterior spinal artery syndrome. This syndrome was first described by Spiller in 1909 10 . Clinical features include motor paralysis, areflexia and loss of bowel and bladder sphincter function. The sensory changes are dissociated, with absent pain and temperature sensation while vibration and proprioception are unimpaired due to sparing of the posterior columns 1 . Overall outcome is generally poor. Recovery correlates inversely with the extent of neurological loss 11 . MRI is a sensitive means of evaluating spinal cord infarction. Unfortunately MRI abnormalities may be nonspecific, and can be normal in the face of profound neurological deficits especially if performed acutely. Therefore the diagnosis of anterior spinal artery syndrome is mainly clinical and the radiographic diagnosis may be one of exclusion 12 .
There are many reports of anterior spinal artery syndrome following anaesthesia and surgery. Aortic disease is one of the most common causes of spinal cord infarction. Svensson et al reported a 16% incidence of paraplegia or paraparesis in 1509 patients who had undergone surgical treatment of thoracoabdominal aortic disease 13 . The presence of aortic dissection, aortic rupture and aortic cross clamp time exceeding 30 minutes are associated with increased risk of spinal cord damage 13 . In a retrospective study of 44 cases of spinal cord infarction, aortic disease was the most common aetiology 4 . The tenuous collateral anastomoses of the ASA in the mid-thoracic region place these segments of the spinal cord at risk of ischaemia when interruption of the arteria radicularis magna or its feeding vessels occurs during aortic occlusion or hypotension 13 .
Anterior spinal artery syndrome resulting from hypotension has been reported 9, 14 . In our patient, there were two episodes of modest hypotension, both of which responded to fluid boluses without the use of vasopressors. However, hypotension is not uncommon during epidural anaesthesia and surgery, yet is not normally associated with neurologic damage, indicating other factors must be involved. Individual anatomical differences may be important. A deficiency in the segmental supplementary supply of the anterior spinal artery may make some patients more vulnerable to spinal cord ischaemia 15 .
Adrenaline 5 µg/ml (1:200 000) is frequently included in local anaesthetic solutions to decrease the rate of vascular absorption and prolong their duration, as well as to provide a marker for inadvertent intravascular injection. There is controversy over the effect of adrenaline on spinal cord blood flow. The addition of adrenaline to local anaesthetic has been suggested as being responsible for localized vasoconstriction resulting in spinal cord ischaemia 5, 16 . Small doses of adrenaline (1:200 000) are unlikely to compromise spinal cord blood flow, except perhaps where severe atherosclerosis coincides with hypotension. Studies of spinal cord blood flow after intraspinal adrenaline (1:200 000) have not shown deleterious reductions in blood flow 17 . Furthermore, adrenaline in local anaesthetic solutions is frequently used in elderly patients undergoing epidural anaesthesia, patients in whom atherosclerotic disease is more prevalent.
Patient positioning has been implicated as a cause of anterior spinal artery syndrome. Patients in the hyperlordotic position for prolonged periods can develop partial occlusion of the inferior vena cava and its collaterals, resulting in increased intraspinal venous pressure and decreased spinal cord perfusion 8 . Surgical procedures requiring extreme positioning may lead to compression of a radicular artery as it passes through an intervertebral foramen narrowed by osteophytes 18 . Our patient was in the right lateral position. There have been reports of anterior spinal artery syndrome occurring in the lateral position, but neurological damage was attributed to hypotension and not positioning 9, 18 . Other aetiologies of anterior spinal artery syndrome reported in the literature include trauma to and compression of the anterior spinal artery due to disc or tumour, syphilitic thrombosis, vascular malformations, angiography and sympathectomy 5, 11 .
It is difficult to identify a single factor for the development of anterior spinal artery syndrome in our patient. Arguably, the combination of intra-operative hypotension, vasoconstriction due to adrenaline, patient position and osteophytic narrowing of intervertebral foramina were sufficient to compromise blood flow to the spinal cord. Motor weakness was initially attributed to the epidural local anaesthetic solution, but suspicion should have been aroused on finding intact touch sensation in the face of motor weakness. It is unlikely that any intervention at this stage would have changed the outcome. However, an MRI to rule out epidural abscess or haematoma should have been considered sooner, because neurological deficits from these complications are potentially reversible if detected early and surgical decompression is performed. Direct trauma to the anterior spinal artery is unlikely, because there was no pain during an atraumatic epidural placement and MRI found no needle trauma. Accidental injection of the local anaesthetic into the subarachnoid space is unlikely as the patient's vital signs remained stable after injection of the local anaesthetic, there was no loss of consciousness, and movement of the lower limbs was present at the start of surgery. In theory, fluid introduced into the epidural space may compress the arterial supply to the cord, resulting in spinal cord ischaemia 19 . Subdural location of an epidural catheter can distort the local anatomy and interfere with cord blood supply. Were this the case in our patient, a computerized tomography (CT) scan performed with contrast injected through the catheter prior to removal may have proved diagnostic 20 . However, classic signs of subdural placement, such as an extensive asymmetric block or respiratory problems were not evident.
Evidence of old Sheuermann's disease was present on lumbar X-ray. This disease is a kyphotic deformity of adolescents that is usually asymptomatic, but can present with pain in adults 21 . Paraparesis and spinal cord compression has been reported with this disease, but only in association with significant kyphosis and disc prolapse 22 . These features were not present in our patient, although childhood scoliosis had been present. Childhood scoliosis affects 2% of the population and there is no documented association between anterior spinal artery syndrome, epidural anaesthesia and a history of childhood scoliosis.
It is important to attempt to identify patients at increased risk of compromised blood flow to the spinal cord secondary to pre-existing pathology (eg. degenerative diseases of the vertebral column or atherosclerosis). Surgical procedures involving the aorta and lower intercostal arteries may put the spinal cord at risk of ischaemia due to inadvertent interruption of the major feeding vessels of the arteria radicularis magna. It may be advisable to avoid deliberate hypotension, adrenaline in local anaesthetic solutions and extremes of positioning, and to treat episodes of even mild hypotension aggressively in an effort to minimize possible contributors to anterior spinal artery syndrome. Allowing the epidural block to wear off temporarily in the immediate postoperative period to assess motor function, and the use of dilute solutions of local anaesthetic with opioid or epidural opioid alone would facilitate the early postoperative diagnosis of motor dysfunction. Early and regular neurological assessments in the postoperative period are important. A high index of suspicion should be maintained if a motor block persists with intact sensation. MRI and neurological consultation must be sought early. Patients should be informed of the risks of neurological damage and possible paraplegia when consent is obtained for regional anaesthesia.
